Background. The "fenestrated Fontan" (surgical baffle fenestration followed by transcatheter test occlusion and permanent closure after postoperative recovery) was adopted in an effort to reduce perioperative mortality and morbidity. This study assesses the effect of baffle fenestration on outcome.
Several approaches to "staging" of the Fontan operation have been proposed, including variations on the bidirectional cavopulmonary anastomosis as preliminary palliation'-7 and the adjustable atrial septal defect.8 '9 Modification of the Fontan operation by surgical fenestration of the atrial baffle and subsequent closure of the fenestration at cardiac catheterization was introduced in 1989.10 There are several theoretical benefits to this approach. First, a right-toleft shunt at the atrial level should maintain cardiac output at the expense of oxygenation when conditions that limit pulmonary blood flow are present. Second, baffle fenestration might limit the postoperative increase in right atrial pressure, thus reducing the incidence and/or duration of postoperative pleural effusions. Finally, postoperative assessment in the cardiac catheterization laboratory affords the opportunity to test the patient's tolerance of "Fontan physiology" before permanent closure of the fenestration, and transcatheter techniques can be used to correct certain conditions (such as residual distal pulmonary artery stenosis or hemodynamically important aortopulmonary collateral vessels) that may be detrimental to patients without a pulmonary ventricle. This report presents the results of a retrospective study designed to address the effect of baffle fenestration on outcome after a modified Fontan operation.
Methods

Patient Selection
The study population consisted of all patients who have undergone a modified Fontan repair at our institution by the surgical technique shown schematically in Figure 1 . The atria were partitioned with a partial tube made of Gore-tex placed along the lateral atrial wall, connecting the superior and inferior cavoatrial junctions. Systemic venous return was brought to the pulmonary arteries via unilateral or bilateral cavopulmonary anastomoses. This specific modification of the Fontan procedure was first used at our institution in October 1987; the study period dates from that time through June 1991. Pulmonary artery angioplasty, atrial septectomy, and ligation and division of aortopulmonary shunts were performed when indicated; patients having any other additional surgical interventions (such Patients having any other modification of the Fontan operation were excluded from the study to have two groups of patients whose surgical management was uniform except for the presence or absence of baffle fenestration.
as replacement of the atrioventricular valve, end-to-side pulmonary artery-to-aortic anastomosis, or repair of anomalous pulmonary venous connection) were excluded. Patients were assigned to one of two groups, depending on whether they had nonfenestrated or fenestrated atrial baffles. Fenestration size among the first 20 patients has been reported previously'0; in all remaining patients having baffle fenestration in this report, a 4-mm fenestration was created by use of a coronary punch.
These criteria were chosen to produce two groups of patients whose surgical management was virtually identical except for the presence or absence of a fenestration in the atrial baffle. Decisions regarding surgical technique (including how to construct and whether or not to fenestrate the atrial baffle) were often made during rather than before surgery; thus, "time zero" for entry into the study is the time of those intraoperative decisions.
Comparison of Preoperative Characteristics
Patients considered for a Fontan operation are a heterogeneous population. Table 2 . The two groups did not differ significantly with respect to age. The preoperative mean pulmonary artery pressure was significantly higher among patients having a fenestrated procedure than in those having a nonfenestrated procedure; 40% of the former versus 14% of the latter had a mean pulmonary artery pressure > 15 mm Hg. Pulnonary artery distortion was significantly more prevalent among patients having a fenestrated procedure. The preoperative ventricular filling pressure was slightly higher among patients having a fenestrated procedure; however, the difference was not significant. Preoperative pulmonary vascular resistance was significantly higher among patients having a fenestrated procedure; 30% of these patients versus 16% of those having a nonfenestrated procedure had a pulmonary vascular resistance >2 Wood's units. A significantly greater proportion of patients having a fenestrated procedure had multiple risk factors, whereas none of the patients having a nonfenestrated procedure had more than two risk factors. The preoperative predicted multivariate "probability of failure" was significantly higher among patients having a fenestrated procedure. Thus, the group in which baffle fenestration was performed appears to have been at higher risk because of their preoperative pulmonary artery pressure, resistance, and distortion, number of individual risk factors, and multivariate assessment of preoperative risk. The two groups are not demonstrably different with regard to age or ventricular filling pressures. In no category that we evaluated did the patients having a nonfenestrated procedure appear to be at higher risk than those having a fenestrated procedure. 
Operative Outcome
Outcomes for the two groups are shown in Table 3 . There were six failures in each group (five deaths and one take-down among patients without baffle fenestration, for a failure rate of 11%, and four deaths and two take-downs among patients with baffle fenestration, for a failure rate of 7%; p=NS). The duration of pleural effusions was significantly shorter among patients having a fenestrated procedure. Prolonged effusions (requiring drainage more than 14 days after surgery) were seen in both groups but were much more common among those having a nonfenestrated procedure (38% of survivors) than those having a fenestrated procedure (13% of survivors). Prolonged pleural effusions occurred in 29% of patients who had a previous cavopulmonary shunt. Drainage of pericardial fluid was deemed necessary in only a small number of patients (four patients in each group). Hospital stay was significantly longer for patients having a nonfenestrated procedure; in that group, 30% of survivors remained in the hospital for more than 21 days, whereas only 12% of patients having a fenestrated procedure did so.
To assess the combined effect of preoperative characteristics, date of surgery, and presence or absence of baffle fenestration on the duration of pleural effusions, these variables were entered into a stepwise multiple regression analysis. The only variable that demonstrated a significant effect on duration of effusions was baffle fenestration (Table 4 ).
Additional Observations
Other data collected are shown in Table 5 . The preoperative mean pressure in the systemic venous atrium was similar in the two groups (6.5 versus 7.7 mm Hg); however, the mean postoperative pressure in the systemic venous atrium was higher in patients having a nonfenestrated procedure. The postoperative increase in right atrial pressure (compared with the preoperative right atrial pressure measured at catheterization) was also higher in patients having a nonfenestrated procedure. Postoperative arterial oxygen saturation was predictably lower in patients who had a fenestrated baffle (mean, 87%) than in those with a nonfenestrated baffle (mean, 94%) in the immediate postoperative period. One patient early in the series (previously reported10) had too large a fenestration, which resulted in excessive cyanosis. Although some cation of a zero time for determining eligibility, application of inclusion and exclusion criteria as in a randomized trial, classification of patients according to suitable clinical criteria, and statistical methods that include testing of a predetermined hypothesis and use of intention-to-treat procedures. We attempted to apply all of these principles in this study. Nevertheless, this study has those limitations that are inherent in all retrospective studies; even with the best effort, a retrospective study does not achieve the force of a prospective trial. We intentionally chose a study sample in which surgical management was uniform. The overall failure rate in this sample of 12 of 147 patients (8%) is nearly identical to that of the concurrent group of Fontan patients from which the study sample was drawn (22 of 241, 9%). In addition, we attempted to address the problem of comparability as completely as possible.
The two patient groups are not demonstrably different with regard to age or anatomic diagnosis. In addition, as shown in Table 1 , there were no particular anatomic diagnoses that were significantly overrepresented among patients whose operation failed or who had prolonged effusions. This is in accord with our view Both by univariate assessment of those characteristics that most strongly influence clinical decision making and by the multivariate risk score, the patients having a fenestrated procedure were at higher preoperative risk. Thus, the fact that success among the patients having a fenestrated procedure was as great as among those having a nonfenestrated procedure supports (but does not definitively prove) the notion that fenestration of the atrial baffle decreases the risk of the Fontan procedure.
Patients who had baffle fenestration had significantly shorter hospitalizations and duration of pleural effusions than did patients in whom the atrial baffle was not fenestrated. An association between increased postoperative right atrial pressure and poor outcome has been reported.1320-22 Our observations of lower postoperative right atrial pressures and better outcome in patients having a fenestrated Fontan procedure support that notion and also suggest that the incremental increase in perioperative systemic venous pressure may be of prognostic significance, particularly with regard to pleural effusions. Nevertheless, the specific mechanism whereby baffle fenestration contributes to the reduction in postoperative pleural effusions is not addressed by this study. Duration of hospitalization is closely tied to duration of pleural effusions. It was included separately as an outcome variable to assess the possibility that the added hospital days necessary for transcatheter fenestration closure might balance those that were the result of prolonged effusions among the patients having a nonfenestrated procedure.
Driscoll et a123 have reported a considerable late morbidity and mortality among patients at increased risk for a Fontan operation. Our patients are a smaller group, with shorter follow-up; nevertheless, it is worth noting that the perioperative and 2-year survival is considerably higher among patients who had a "risk score" (as defined by Driscoll) of at least 1 or 2 and had 1 or 2 years of follow-up after a fenestrated Fontan operation than was observed in their study (93% versus 78%). Whatever its origin, this difference in early survival is such that we are optimistic about an improved long-term prognosis in our survivors.
Of the 85 patients who had a successful fenestrated Fontan operation, 81% have had closure of the fenestration without clinical deterioration. Patients selected for transcatheter closure were those who, by our arbitrary criteria, "tolerated" test occlusion; that is, test occlusion did not result in an increase in either systemic venous pressure or arteriovenous difference in oxygen content, which we deemed to be clinically important. There was no significant change in systemic oxygen transport. The remaining patients remain mildly to moderately cyanotic while they await elective or spontaneous closure of the fenestration. Whether all of these patients will tolerate fenestration closure or whether some will remain cyanotic but well palliated (that is, without ventricular volume overload and with acceptable arterial oxygen saturation) because of inability to tolerate fenestration closure remains to be seen. Complications (none of which resulted in permanent injury) occurred in four patients in association with the postoperative catheterization. In three, the complication was directly associated with transcatheter closure. The use of large venous sheaths to deliver devices carries the risk of air embolism, with potentially serious consequences. Introduction of air into the sheath, a preventable complication, is most likely to occur when the inner dilator is removed, before introduction of the umbrella; it is avoided by constant flushing of the sheath through the dilator (with a 60-cm3 syringe and a side-arm adapter) as the dilator is removed.
Summary and Conclusions
In a patient population selected for similarity of surgical management, baffle fenestration at the time of a modified Fontan repair was associated with significantly shorter hospitalization and duration of pleural effusions than were seen in patients undergoing a nonfenestrated procedure. Although patients in the group with baffle fenestration were at significantly higher preoperative risk than were those without baffle fenestration, they had comparably high operative success rates. This degree of success in high-risk patients is in marked contrast to our previously reported experience. Among patients with a nonfenestrated baffle, one late death and one late take-down occurred, both in association with unremitting pleural effusions; there were no other late failures. At present, 72% of survivors of a nonfenestrated operation and 88% of survivors of a fenestrated Fontan operation are in NYHA class I. We conclude that baffle fenestration followed by postoperative assessment in the cardiac catheterization laboratory and transcatheter closure of the fenestration is beneficial in selected patients undergoing a modified Fontan operation in that it is associated with low mortality, significantly less pleural effusion, and significantly shorter hospitalization. These results justify an aggressive and optimistic approach to their management.
